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Abstract
Motivated by new models of dynamical electroweak symmetry break-
ing that predict a light composite higgs boson, we build an effective
lagrangian which describes the Standard Model (with a light Higgs)
and vector resonances. We compute the cross section for the associate
production of a higgs and a gauge boson. For some values of model pa-
rameters we find that the cross section is significantly enhanced with
respect to the Standard Model. This enhancement is similar at the
LHC and the Tevatron for the same range of resonance mass.
1 Introduction
One of the main challenges faced today by Particle Physics is to elucidate
the nature of electroweak symmetry breaking. This is the only aspect of
the Standard Model that still has not been directly tested by experiment.
Moreover, there is a general agreement in the sense that, due to the hierarchy
and triviality problems, the standard higgs sector is not satisfactory and it
really points to the existence of new physics at the TeV scale.
∗alfonsozerwekh@uach.cl
1
One possibility for such new physics is the existence of a new strong in-
teraction that dynamically breaks the electroweak symmetry [1]. The best
known realization of this elegant idea, technicolor, has been challenged by
LEP precision measurements. In fact, the original models, which are scaled
up versions of QCD, are ruled out. A great progress toward the construction
of potentially more successful models was the introduction of walking tech-
nicolor which basically means that the interaction is quasi-conformal over
a large range of energy. Nevertheless, in general these models predict that
the composite scalar (the higgs) in the spectrum must be heavy, while the
current experimental data seem to point to the existence of a light higgs.
Very recently a new kind of technicolor models has been proposed [2]
whose main characteristic is that technifermions are not in the fundamental
representation of the technicolor group. In these models the walking behav-
ior of the coupling constant appears naturally and they are not in conflict
with the current limits on the oblique parameters. But the most remarkable
feature of these models is that they predict the existence of light composite
higgs with a mass around 150 GeV.
Inspired by such models, we write down an effective lagrangian which
describes the Standard Model with a light higgs and vector resonances which
are a general prediction of dynamical symmetry breaking models [3]. The
model is minimal in the sense that we assume that any other composite state
would be heavier than the vector resonances, and so they are not taken into
account, and there are no physical technipions in the spectrum.
In what follows we will study some aspects of such a model. Section 2 is
devoted to the construction of the lagrangian. In section 3 we compute the
cross section for the associate production of a higgs and a gauge boson and
we compare the results with the Standard Model. Finally in section 4 we
present our conclusions.
2 The Lagrangian
2.1 Gauge Sector
We start by noticing that, in general, dynamical electroweak symmetry break-
ing models predict the existence of composite vector particles ( the so called
technirho and techniomega) that mix with the gauge bosons of the Standard
Model. In order to describe this mixing, we use a generalization of Vector
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Meson Dominance [4] introduced in [5] and developed in [6]. In this approach
we choose a representation where all vector fields transform as gauge fields
and they mix through a mass matrix. On the other hand, gauge invari-
ance imposes that the mass matrix has a null determinant. In our case, the
lagrangian for the gauge sector can be written as:
L = −1
4
W aµνW
aµν − 1
4
ρ˜aµν ρ˜
aµν
+
M2
2
(
g2
g22
W aµW
aµ + ρ˜aµρ˜
aµ − 2g
g2
W aµ ρ˜
aµ
)
−1
4
BµνB
µν − 1
4
ω˜µνω˜
µν
+
M ′2
2
(
g′2
g′22
BµB
µ + ω˜µω˜
µ − 2g
′
g′2
Bµω˜
µ
)
(1)
where
W aµν = ∂µW
a
ν − ∂νW aµ + gǫabcW bµW cν (2)
ρ˜aµν = ∂µρ˜
a
ν − ∂ν ρ˜aµ + g2ǫabcρ˜bµρ˜cν (3)
Bµν = ∂µBν − ∂νBµ (4)
ω˜µν = ∂µω˜ν − ∂νω˜µ (5)
and M (M ′) is the hard mass of the proto-technirho (proto-techniomega).
Notice that our lagrangian is written in term of non-physical fields. The
physical ones will be obtained by diagonalizing the mass matrix.
By construction, lagrangian (1) is invariant under SU(2)L×U(1)Y. The
symmetry breaking to U(1)em will be described by mean of the vacuum
expectation value of a scalar field, as in the Standard Model. In other words,
we will use an effective gauged linear sigma model as a phenomenological
description of the electroweak symmetry breaking.
2.2 Fermions
As usual, fermions are minimally coupled to gauge bosons through a covariant
derivative. Because in our scheme all the vector bosons transform as gauge
fields, it is possible to include the proto-technirho and the proto-techniomega
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in an “extended” covariant derivative [6], resulting in the following lagrangian
for the fermion sector:
L = ψ¯LiγµDµψL + ψ¯RiγµD˜µψR (6)
with
Dµ = ∂µ + iτ
ag(1− x1)W aµ + iτag2x1ρ˜aµ
+i
Y
2
g′(1− x2)Bµ + iY
2
g′2x2ω˜µ (7)
and
D˜µ = ∂µ + i
Y
2
g′(1− x3)Bµ + i
Y
2
g′2x3ω˜µ (8)
The parameters xi (i = 1, 2, 3) play a role similar to fermion delocalization
in deconstruction models [7].
A direct coupling between fermions and the vector resonances can appear
naturally in technicolor due to extended technicolor interactions. Neverthe-
less, they must be proportional to the fermion mass and then,they are not
important except for the top quark. In what follows, for simplicity, we take
x1 = x2 = x3 = 0.
2.3 Higgs Sector and Mass Matrices
In our effective model the higgs sector is assumed to be the same as in the
Standard Model except by the possibility of including a direct coupling be-
tween the higgs doublet and the vector resonances through an “extended”
covariant derivative as was shown for the fermion sector. That is, the la-
grangian for the Higgs sector is:
L = (DµΦ)† (DµΦ)− V (Φ) (9)
where, as usual
V (Φ) = −µ2Φ†Φ + λ
(
Φ†Φ
)2
(10)
and
Dµ = ∂µ + iτ
ag(1− f1)W aµ + iτag2f1ρ˜aµ
+i
Y
2
g′(1− f2)Bµ + i
Y
2
g′2f2ω˜µ (11)
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This direct coupling may seem natural in a context where the higgs and
the vector resonances are both composite states of the same underlying strong
sector. Nevertheless, in this work we will avoid it (we choose f1 = f2 = 0)
because, in principle, it can introduce dangerous tree level corrections to the
ρ parameter.
Once the electroweak symmetry has been broken, the mass matrix of the
vector bosons takes contributions from (1) and from the Higgs mechanism.
For the neutral vector bosons, the resulting mass matrix is:
Mneutral =
v2
4


(1 + α)g2 −αgg2 −gg′ 0
−αgg2 αg22 0 0
−gg′ 0 (1 + α′)g′2 −α′g′g′2
0 0 −α′g′g′2 α′g′2

 (12)
where
α =
4M2
v2g22
(13)
and
α′ =
4M ′2
v2g′22
(14)
In what follows, in order to simplify our analysis, we will assume that
α′ = α and g′2 = g2. Notice that this assumption implies that the technirho
and the techniomega will have the same mass. We will also assume that
M is proportional to g22 which is quit natural when we realize that M is a
dynamical mass produced by the underlying strong interaction.
On the other hand, the mass matrix for the charged vector bosons can
be written as:
Mcharged =
v2
4
[
(1 + α)g2 −αgg2
−αgg2 αg22
]
(15)
We diagonalize the mass matrices in the limit g2 →∞ and we obtain the
following expressions for the physical fields (we have dropped the Lorentz
indexes). We write the transformation to physical fields in the limit g/g2 ≪ 1
and we keep terms up to order g/g2.
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A =
g′√
g2 + g′2
W 3 +
g√
g2 + g′2
B +
gg′
g2
√
g2 + g′2
ρ˜3 +
gg′
g2
√
g2 + g′2
ω˜
Z =
g√
g2 + g′2
W 3 − g
′
√
g2 + g′2
B +
g2
g2
√
g2 + g′2
ρ˜3 − g
′2
g2
√
g2 + g′2
ω˜
ρ0 = − g
g2
W 3 + ρ˜3
ω = − g
′
g2
B + ω˜
W± = W˜± +
g
g2
ρ˜±
ρ± = ρ˜± − g
g2
W˜±
where
W˜± =
1√
2
(
W 1 ∓ iW 2
)
and
ρ˜± =
1√
2
(
ρ1 ∓ iρ2
)
The relevant Feynman rules, in terms of the physical fields, for the asso-
ciate production of a higgs and a gauge boson can be found in table 1 while
figure 1 shows the Feynman diagrams for the processes studied in this work.
Fields in the vertex Variational derivative of Lagrangian by fields
H ω0µ Zν
1
2
e2MW
√
αv
cw3Mρ
gµν
H ρ0µ Zν −12 e
2MW
√
αv
cw2Mρsw
gµν
H ρ+µ W
−
ν −12 e
2MW
√
αv
Mρsw2
gµν
u¯ d ρ+µ
1
8
e2
√
2
√
αV udv
Mρsw2
(1− γ5)γµ
u¯ u ω0µ
1
24
e2
√
αv
cw2Mρ
γµ((1− γ5) + 4(1 + γ5))
u¯ u ρ0µ
1
8
e2
√
αv
cwMρsw
(1− γ5)γµ
Table 1: Feynman Rules for the relevant couplings of the vector resonances
for the associated production of a higgs and a gauge bosons. The couplings
of the W± and Z to the quarks are identical, in our limit, to the SM
6
We have build our lagrangian based on an extension of vector meson dom-
inance. Another possibility for studying models with vector resonances is to
consider the so called hidden local symmetry[8]. In this case, the model
would correspond to a nonlinear sigma model based on the coset space
U(2)L ⊗ U(2)R/U(2)V . The archetype of this kind of model applied to a
strong electroweak model is the so called BESS model [3, 9] (which is based
on (SU(2)L⊗SU(2)R)/SU(2)V and hence does not have a techniomega). Of
course such a model does not include a higgs, nevertheless a “linear” version
of the BESS model exists [10] which include scalars in the spectrum.
3 Results
We use LanHEP [11] and CompHEP [12] in order to compute the cross section
of the associate production of a higgs and a gauge boson at the LHC and
the Tevatron (Run II). We choose to work with α = 0.1 because for values
of α of this order, the vector resonances can be light (i.e. Mρ ≈ 250 GeV)
while g2/g is still much bigger than one. As α approaches to one, the vector
resonances became too heavy and their observation is increasingly difficult.
On the other hand, if α is too small the coupling of the vector resonances to
the SM fields are suppressed.
The decay width of the vector resonances were also computed with Com-
pHEP. In the range of masses considered here, the techniomega and the
charged technirho decay mainly into fermions while the neutral technirho
decays mainly into a pair of W ’s.
Notice that ρWZ and ρWA vertices do not exist in this model. Indeed,
gauge invariance avoid the generation of such couplings from Yang-Mills ki-
netic terms. For example, a ρWA vertex coming from Yang-Mills term would
violate gauge symmetry in the process γW → γW . A discussion about this
coupling in a similar model can be found in [13].
Our aim in this work is to study the impact of the presence of vector reso-
nances on the higgs production in association with a gauge boson. In partic-
ular, we want to compare the predictions of this scenario with the Standard
Model. For this reason we define the following quantity as a measure of the
enhancement of the signal over the Standard Model:
ǫ =
σ − σSM
σSM
(16)
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where σ is the cross section predicted by our effective lagrangian and σSM
is the cross section predicted by the Standard Model.
In figure 2 we show the value of ǫ as a function of the mass of the technirho
(Mρ) for three values of the higgs mass (MH = 115 GeV (solid line),150 GeV
(dashed line) and 200 GeV (dotted line)) for the process pp→ HW+ at the
LHC. Observe that in this case, the cross section is significatively enhanced
with respect to the standard model when the technirho has a mass between
200 GeV and 350 GeV. The variation of this enhancement as function of α
is shown in figure 4 for MH = 150 GeV and g2/g = 10
On the other hand, when a higgs and a Z are produced (figure 3), the
cross section is less enhanced and we expect that this channel will not be
sensible to the presence of the vector resonances.
We also compute the cross section of the process pp¯ → HW+ at the
Tevatron (Run II). The result is shown in figure 5 for MH = 150 GeV.
Notice that the enhancement in this case is comparable to the prediction for
the LHC.
The point in the parameter space we use for studying our model was
chosen in order to maximize the deviation from the Standard Model for the
selected channel. This procedure allows us to evaluate the possibility of
testing the model. Let’s now consider the restrictions imposed by data on
the electroweak parameters S, T and U . This is not the place for performing a
detailed calculation of these parameters in our model, nevertheless we expect
that the final result must be similar to the one obtained in the minimal BESS
model. [3, 9]. Written in the notation of the original authors, this result is:
ǫ1 = 0
ǫ2 = 0
ǫ3 = − b
2
+
(
g
g′′
)2
where ǫ1, ǫ2, ǫ2 are proportional to T, U and S respectively, g
′′ is our coupling
constant g2 and b corresponds to our parameter x1 which represents a direct
coupling of the proto-technirho to fermions. For the set of parameters used
above we obtain ǫ3 = 0.01 which is disfavored by precision measurements.
Nevertheless, we can be consistent with the constrains imposed by precision
data by choosing x1 = 2(g/g2)
2. In this case, our results on σ − σSM are
modified by a factor 0.60 and an important enhancement remains in the
channel pp→ HW+ for Mρ around 250 GeV.
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At this point a word must be said about the direct search of our vector
resonances and the mass limits imposed to them by current data. In general
the results of direct search, performed at the Tevatron and LEP, of the tech-
nirho and techniomega predicted in usual walking technicolor models applies
to our case, except by the fact that we have suposed there are no physical
technipions in the spectrum. In this case, considering the technirho decay to
charged leptons and a pair ofW ’s, the technirho (as well as the techniomega)
is excluded for Mρ < 206 GeV[14].
4 Conclusions
We have constructed an effective lagrangian which represents the Standard
Model with a light higgs bosons and vector resonances that mix with the
gauge bosons. We fixed the parameter of the model that connects the mass
of the new vector bosons with their coupling constant, in such a way that
the model were compatible with light resonances.
We want to emphasize that, although this effective lagrangian is inspired
by a new technicolor scenario recently proposed in [2], we do not claim that
the values chosen for our study represent the low energy limit of the specific
models constructed there.
The most obvious process for searching differences between our model
and the predictions of the Standard Model is the associate production of a
higgs and a gauge boson. We found that the most sensitive channel is the
production of the higgs and W .
For a range of resonance’s mass between 200 GeV and 350 GeV the en-
hancement of the cross section is significant at both, the LHC and the Teva-
tron.
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Figure 1: Feynman diagrams for the production of a Higgs and a W+ (a) ,
and a Higgs and a Z (b)
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Figure 2: Enhancement of the cross section in the process pp → W+H at
the LHC for three values of the higgs mass: MH = 115 GeV (solid line), 150
GeV (dashed line) and 200 GeV (pointed line)
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Figure 3: Enhancement of the cross section in the process pp → ZH at the
LHC for MH = 200 GeV
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Figure 4: Enhancement of the cross section in the process pp¯ → W+H at
the LHC as a function of α for MH = 150 GeV and g/g2 = 0.1
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Figure 5: Enhancement of the cross section in the process pp¯ → W+H at
the Tevatron for MH = 150 GeV
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